General Information
All reactions were carried out under standard conditions using N 2 as shielding gas with magnetic stirring. Analytical thin layer chromatography (TLC) was performed with TLC plates. All reactions and column chromatography were monitored by thin layer chromatography with UV light under a 254 nm and colorized with ethanol solution of phosphomolybdic acid, followed by heating using a heat gun. All products could be purified by column chromatography using ethyl acetate and hexane as eluent. Organic solutions were concentrated by rotary evaporation. All solvents were freshly distilled before use.
1 H and 13 C NMR chemical shifts are reported in CDCl 3 solution of compound by Bruker AV-300 MHz or Bruker AV-400 MHz instruments and marked in ppm relative to tetramethylsilane (TMS) (0) and CDCl 3 (77.0 ppm) as standard. The following abbreviations are used to describe peak patterns where appropriate: s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet. Coupling constants (J) are reported in Hertz (Hz). High resolution mass spectral analysis (HRMS) was performed on Waters Q-TOF Premier mass spectrometer. The determination of ee was performed via chiral phase HPLC analysis using Shimadzu LC-20AD HPLC workstation. Optical rotations were measured using a 1 mL cell with a 1 cm path length on a Jasco P1030 digital polarimeter and are reported as follows: [α] D 20 . The dr values of the products were determined by the corresponding 1 H NMR spectra. The absolute and relative configuration of products could be assigned by the X-ray structures of 3a.
General procedure for preparation of substrates 1 and 2
All cyclobutenones 1 were prepared in accordance with literature methods. 1 All azomethine imine 2a-2i were synthesized according to the known literature process from arylacetic acid S1 2 (for syntheses of 2c, 2g and 2i) or isochroman derivatives S2. 
General procedure for syntheses of product 3
A mixture of the cyclobutenone 1 (0.1 mmol, 1.0 M), azomethine imine 2 (0.15 mmol) and the Et 3 N (1.0 mmol, 14 μL) in CH 3 Cl (1.0 mL) were stirred for 5 min at room temperature. Then the catalyst F (20 mol%, 5.4 mg), prepared via Birman's method 5 , was added into the reaction system. After the reaction was stirred for 3 days, flash chromatography (SiO2, 10% EtOAc/hexanes) afforded the final product in 41%~73% yields with excellent er, which were determined using chiral HPLC.
Note: the racemate were prepared using catalyst C or D in table in text.
General procedure for the synthetic applicability
For synthesis of 4a: under nitrogen atmosphere, the solution of SmI 2 in THF (4.0 mL, 0.1 M) was added into the solution of 3a (0.1 mmol, 43 mg) in EtOH (2.0 mL) at room temperature. The reaction was stirred for 2 hours, the resulting solvent was removed by vaccum pump. The product 4a could be obtained in 85% yield through isolation of silica gel column chromatography (SiO 2 , 50% EtOAc/hexanes).
For synthesis of 5a: under nitrogen atmosphere, the AIBN (20 mol%, 3.2 mg) was added into the mixture of 3a (0.1 mmom, 43 mg) and PhSH (0.2 mmol, 22 mg) in toluene at room temperature. Then the reaction temperature was increased to 80 o C for overnight. Then the reaction system was cooled to room temperature and a direct isolation of silica gel column chromatography could offer the product 5a in 90% yield (SiO 2 , 10% EtOAc/hexanes). 8, 137.3, 134.0, 133.5, 132.8, 130.2, 130.1, 129.0, 128.6, 127.9, 127.9, 126.7, 125.3, 122.4, 121.8, 54.3, 27.7 9, 166.3, 136.6, 134.6, 133.3, 133.1, 132.8, 132.1, 129.7, 128.9, 128.7, 128.7, 128.6, 127.9, 127.6, 126.7, 126.5, 122.7, 59.6, 57.2, 48.9, 28.7 166.3, 138.2, 133.6, 133.1, 132.9, 132.1, 130.6, 128.7, 128.6, 127.9, 127.5, 126.9, 126.4, 120.6, 59.8, 56.6, 48.7, 28.9, 28.7, 25.4, 22.7, 21.8 166.3, 159.6, 136.2, 133.3, 133.1, 132.8, 132.1, 130.9, 128.8, 128.7, 127.9, 127.6, 126.7, 126.6, 126.4, 122.5, 114.1, 59.7, 57.4, 55.3, 49.0, 28.7 166.3, 138.5, 136.5, 133.3, 133.1, 132.8, 132.1, 131.6, 129.5, 129.4, 128.8, 128.7, 127.9, 127.6, 126.8, 126.4, 122.4, 59.6, 57.3, 48.9, 28.7, 21.3 136.5, 134.7, 133.3, 132.6, 132.1, 131.7, 129.7, 129.0, 128.7, 128.7, 128.6, 127.9, 126.2, 124.6, 122.6, 59.9, 57.2, 48.8, 26.1, 19.4 166.2, 136.4, 134.7, 134.5, 134.4, 133.1, 132.2, 131.5, 129.6, 128.8, 128.7, 128.4, 128.0, 127.5, 125.3, 123.0, 59.6, 57.1, 48.5, 26.7 166.3, 137.4, 136.6, 134.7, 133.3, 133.0, 132.1, 129.8, 129.7, 129.4, 128.7, 128.7, 128.6, 127.9, 127.3, 126.6, 122.6, 59.5, 57.4, 49.0, 28.7, 21.0 166.3, 136.6, 135.9, 134.8, 133.3, 132.6, 132.1, 130.0, 129.6, 128.7, 128.7, 128.6, 128.5, 127.9, 127.2, 122.6, 59.8 5, 166.2, 136.1, 134.8, 134.5, 133.2 (2C), 132.1, 130.8, 130.5, 129.6, 129.5, 128.8, 128.7 (2C), 127.9, 123.1, 119.9, 59.4, 57.0, 48.6, 28 = 8.6 Hz, 1H), 5H), 3H), 5H), 6.37 (s, 1H), 5.04 (d, J = 11.4 Hz, 1H), 4.06 (d, J = 11.4 Hz, 1H), 3.96 (dt, J = 10.1, 3.7 Hz, 1H), 1H) , 3.22-3.14 (m, 1H); 13 C NMR (100 MHz, CDCl 3 ): δ 172. 1, 166.4, 136.8, 134.8, 133.3, 132.5, 132.2, 131.4, 129.9, 129.7, 129.0, 128.8, 128.7, 128.7, 128.6, 127.9, 127.1, 126.8, 126.3, 124.2, 123.2, 122.7, 60.4, 57.2, 48.7, 25 166.4, 138.4, 136.1, 135.9, 134.4, 133.3, 132.6, 132.4, 129.6, 129.3, 128.7, 128.5, 128.3, 128.0, 127.5, 126.8, 120.7, 61.7, 57.9, 48.7, 26.0, 20.3 4, 166.6, 138.9, 136.3, 133.3, 133.1, 132.9, 132.2, 130.4, 129.7, 129.2, 128.7, 128.5, 128.4, 128.2, 128.0, 127.1, 126.4, 125.6, 123.0, 120.6, 61.3, 57.9, 47.2, 25 5, 137.4, 134.9, 133.8, 133.2, 129.5, 128.7, 128.6, 128.4, 127.3, 126.7, 126.6, 121.3, 62.3, 55.1, 52.2, 29.7, 28.8 7, 166.4, 136.9, 135.5, 133.5, 133.1, 132.1, 131.9, 129.8, 129.6, 129.1, 128.8, 128.7, 128.5, 127.9, 127.6, 127.0, 127.0, 126.3, 60.6, 58.6, 48.9, 28.8 
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